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Abstract

Purpose: The HER2 oncoprotein, a membrane-associated protein with tyrosine kinase activity, is
overexpressed in many solid tumours. Its overexpression is associated with poor prognosis and
disease progression. In kidney cancer, there is no molecular marker to guide patient treatment and
prognosis. Materials and Methods: For the study, 110 biopsy samples obtained from patients with

renal epithelial tumors were used. Immunohistolabeling using HER2, HIFla and EPASI1 specific
antibody. Correlation with clinical aspects and prognostic factors by chi square test. Results: In our
population, renal cells carcinoma (RCC) is predominantly distributed in men and it is larger in size,
increasing in the 30-40 age range, with a peak frequency between 51-60 and 61-79 years. HER2
expression only in the histological phenotype of clear cell renal cell carcinoma (ccRCC). It was
detected positive (3+) in 32% of cases and equivocal (2+) in 47%. HER2 expression in the nucleus in
33% of cases was also observed. Membranous HER2 expression was correlated with HIF2, but not
with HIF1. Membranous HER?2 expression was observed in Fuhrman grade II tumors, while nuclear
HER?2 expression was associated with grades III and IV. Finally, it was found that membranous HER2
expression with low (I) and high (III and IV) clinical stages was observed. Conclusions: RCC is more
frequent in males, with HER2 expression in membrane and nucleus in ccRCC. Membranous HER? is
linked to EPAS1/HIF2 and stages (I/I1I); nuclear HER2 to Fuhrman grades (III/IV).

Keywords: oncotarget; renal cancer; HER2; HIF2

1. Introduction

The HER2 receptor is a 185 kDa membrane-associated protein with tyrosine kinase activity and
extensive homology to the epidermal growth factor receptor (EGFR). It is involved in tumour cell
proliferation, adhesion, apoptosis, differentiation, angiogenesis, and migration. Its deregulation,
increased expression or mutation is associated with neoplastic process [1,2]. This promotes
dimerization, which activates signalling pathways, triggering a specific cellular response through cell
signalling cascades [3]. Increased HER2 expression correlates with an unfavourable prognosis in solid
tumours, and it is widely used as a molecular marker [4]. Studies in several types of human neoplasia
have shown HER2 overexpression in 38% of gastric carcinomas, 20-30% of breast cancer, 20% of
cervical cancer, 15% of ovarian cancer, and 18% of colorectal cancer [5-7]. In fact, in breast cancer,
where membrane HER? is used as a therapeutic target, it was observed in HER2-negative tumours
that HER2 was located in the nucleus, being highly oncogenic and generating resistance to treatments
[8]. Regarding renal cell carcinoma (RCC), the histological subtype clear cell renal cell carcinoma
(ccRCC) is predominant. On the other hand, RCC exhibits hyperactivated angiogenesis related to the
VHL and BAP-1 genes. Loss or mutation of the VHL gene is known to directly cause accumulation
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of hypoxia-inducible factor (HIF) and indirectly, to cause overexpression of the erythropoietin
receptor gene, even in a tissue environment with normal oxygen levels [9-11]. Of epidermal growth
factor (EGF) receptors, EGFR is known to be present in RCC; however, the expression of HER2
remains unclear [5,9,12,13].

Although tumour stage is the main prognostic factor of ccRCC due to the absence of a molecular
marker, the Fuhrman nuclear classification (FNG) helps guide patient management, whether
therapeutic or follow-up [14,15]

This classification system, based on the histological analysis of cell nuclear abnormalities, has a
high clinical predictive value in RCC and stratifies the tumour into four Fuhrman grades (FNG 1-4),
which correlate with survival, recurrence and the probability of metastasis, with FNG-4 having the
worst prognosis [16].

For these reasons, we hypothesize that the HER2 receptor may be involved in kidney cancer
progression and resistance. The objective of our study is to evaluate whether HER2 could be a
molecular marker for kidney cancer by analysing HER2 expression and its relationship with
prognostic factors.

2. Materials and Methods

2.1. Patient Samples

During the period 2018-2024, a retrospective study was carried out on 110 samples of renal
epithelial tumours, normal (without tumor) and oncocytoma (benign tumour) and RCC, fixed in
formalin and included in paraffin, from the Pathological Anatomy Service of the JR Vidal Hospital
and the José de San Martin Teaching Hospital in the province of Corrientes, Argentina. Cases with
necrosis above 30%, hemorrhage, insufficient sample size, or missing data were excluded. In
addition, epidemiological, clinical, and pathological information was collected using a form.
Informed consent was obtained in all cases in accordance with Law 25326 on Personal Data
Protection. The project was approved by the Ethics Committee of the JR Vidal Hospital and the José
de San Martin Teaching Hospital (Resolution No. 9/15).

2.2. Immunohistolabeling

Two-micron sections were cut from formalin-fixed, paraffin-embedded tissue. After
deparaffinization and hydration with xylene and alcohols of decreasing gradient, antigen exposure
was performed with proteinase K (Bioamerica PKB4100) pH 8 (10 ug/ml). Incubated overnight with
ErbB-2 (HER2) 3B5 antibody (Thermo Fisher Scientific Cat# MA5-13675, RRID:AB _10985617), c-erbB-
2 oncoprotein antibody (Agilent DAKO Cat# A0485, RRID:AB_2335701) and HIF1 alpha (C-19)
antibody (Santa Cruz Biotechnology Cat# sc-8711, RRID:AB_2116993), EPAS-1 (190b) antibody (Santa
Cruz Biotechnology Cat# sc-13596, RRID:AB_627525). Immunohistochemistry (IHC). The sample was
then incubated with anti-mouse/anti-rabbit and streptavidin (Vectastain® Elite® ABC Universal Kit
PK-7200). The sample was developed with DAB (substrate kit, cell label 957D-20) and counterstained
with hematoxylin (GILL II Biopack solution 9491.07). Inmunohistofluorescence (IHF). Subsequently,
it was incubated with the recombinant rabbit anti-mouse IgG secondary antibody, Alexa Fluor™ Plus
488 (green). (Santa Cruz Biotechnology Cat# sc-13596, RRID:AB_627525) and the assembly was
performed with proLong™ gold antifade assembly with DAPI (p36941) DNA stain (blue). A breast
cancer sample was used as a HER2-positive control. A negative control (not containing the primary
antibody) was used in each experiment. Immunostaining was assessed by independent observers
blinded to clinicopathological variables, and the kappa index was 0.616, which was considered good
agreement. Differences of opinion were resolved by joint reading. Each slide was carefully examined
under a light microscope at 400x magnification in the area of the tumor containing the highest
proportion of positive stained cancer cells, and a minimum of 100 cells per sample was counted. For
quantification, a scoring system taken from the American Society of Clinical Oncology/College of
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American Pathologists (ASCO/CAP) for membrane HER2 in breast cancer was previously used [17],
and for the detection of HER?2 in the cell nucleus the scoring system by Schillaci et al. [18] was used.

2.3. Data Analysis

The collected clinical and epidemiological data was statistically analysed using Graphpad Prism
6 and SSPS software. Correlation between variables was performed using the chi square test and a
value of p<0.05 was considered statistically significant. The Office Excell program was used for
graphics design.

3. Results

Distribution of renal cancer in our population was studied. Figure 1A shows a significant
difference in gender, with renal cancer being more frequent in men than in women. Cases increase
starting in the 30- to 40-year age range, with a peak frequency in the 51- to 60- and 61- to 79-year age
groups. Regarding tumour location, distributed by sex, it was observed that both female and male
populations present renal carcinoma in both kidneys.

We analysed poor prognostic factors associated with RCC based on sex, such as tumour size,
FNG, and clinical stage. Figure 1B shows the analysis of risk factors for female and male subgroups.
Significant differences were observed in relation to tumour size; men showed a higher mean. No
significant differences were observed for FNG parameters and clinical stage. Next, the presence of
HER?2 was analysed in RCC samples of different histological types compared to normal kidney and
benign tumour.

A B
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Figure 1: A) Distribution of renal carcinoma according to sex, age range and anatomical location of the tumor. @ Represent the statistically significant (p= 0.01).
B) Analysis of risk factors for de female and male sex. Chi square test ****p=0,0001

In Figure 2A on the left, HER2 is shown to be specifically present in the clear cell subtype,
confirmed by two types of antibodies. To quantify this, a scoring system for membrane HER?2 in
ccRCC, taken from the American Society of Clinical Oncology/College of American Pathologists
(ASCO/CAP), was previously used (Figure 2A right). HER2 frequency was analysed in 97 ccRCC
cases. Figure 2B on the left, shows membranous HER2 expression, with a distribution of 32% (31
cases) HER2 positive (3+), 47% (46 cases) equivocal (2+), and 21% (20 cases) negative (1+ and 0).

The distribution of cases between positive and negative groups was significant (p = 0.0001 for
both groups) compared to the negative cases. For diagnostic purposes, equivocal cases (2+) should
be confirmed by FISH. Figure 2B on the right shows the IHC microscopy of four representative cases.
We also observed HER?2 expression at the nuclear level.
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In Figure 3 (above), our results show a nuclear HER2 expression of 33% (intense expression 3+
(9.3%), moderate 2+ (23.7%), and negative 1+/0 (67%)). The immunofluorescence scoring is shown in
Figure 3 (below).
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With these results, we analysed whether HER2 was related to HIF due to the absence of VHL.
Figure 4 above shows that when HER? is present in the membrane/nucleus, HIF1 is expressed in the
nucleus (cases 3 and 4). But this relationship does not always occur since we also have cases that are
positive for HER2 and negative for HIF1 (case 1) and vice versa (case 2). Regarding the relationship
between HER2 and HIF2, it is different. We observed that HER2 is expressed in the
membrane/nucleus and HIF2 in the nucleus (cases 1, 3, and 4), and when HER?2 is negative, HIF2 has
low expression 1+ or negative (case 2). Next, we analysed the relationship of HER2 genes with HIF2
in the TCGA (The Cancer Genome Atlas) Kidney’s ONCOMINE [19] database.

In Figure 4 below, the correlation of HER2 mRNA expression (probes 1, 2, 3, and 4) with HIF2
(probe 1) is shown. Analysis of all HER2 probes versus HIF1 yielded similar results. Considering that
if Pearson’s R is between 0 and 1 (0 <r > 1), the correlation is positive. Our analysis yielded a positive
Pearson’s R of 0.053.
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Figure 4: HIF expression in relation to HER2. Top- The HERZ2 expression, HIF1 and HIF2/EPAS1 by IHC
of 4 representative cases is shown. The images have a magnification of 400X. Bottom- Correlation
analysis with data from the Oncomine renal TCGA database, HER2 probe 3 and EPAS1 probe 1.
Pearson's R of 0.053.

It was also studied whether HER2 was associated with poor prognostic factors in ccRCC. The
relationship between HER2 and FNG was studied and it was observed that membranous HER2
expression was associated with nuclear grade II (Figure 5A) and nuclear HER2 expression relates to
nuclear grades III and IV (Figure 5B). The involvement of HER2 in the patient’s clinical stage was
assessed and was observed that membranous HER2 was expressed in low (I) and high (III and IV)
clinical stages and not in intermediate (II) clinical stages (Figure 5C). However, when analysing
nuclear HER?2, there were no significant differences between negative and positive cases with respect
to clinical stage (Figure 5D).
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4. Discussion

We found that RCC was distributed in our cohort, with a higher frequency and larger in size in
male population than the opposite sex. In our study, we observed that an increase in size can be
associated with a poor prognosis only in the male population. The other analysed factors showed no
differences. The frequency and larger size in men in our population are comparable with the literature
which indicates a higher mortality rate from RCC in menfdagh [20,21].

In the search for oncological markers to guide therapy for renal cancer, we found that HER?2 is
present in the membrane of the ccRCC subtype specifically, in 32% (3+). In contrast to our results,
there are studies that do not confirm an overexpression of HER2 in ccRCC [22], but another study,
did find that HER2 overexpression in the membrane is present in this subtype of cancer [12].
However, there are publications that support our results, Phuoc, et al. [23], found high levels of HER2
by immunohistochemistry although they did not relate it to survival. Nagasawa, et al. [24], found
that the growth of xenograft tumours with renal cell carcinoma decreases until they disappear using
a HER?2 inhibitor.

We believe this difference is due to the fact that the HER2 oncoprotein may accumulate in the
membrane and does not increase with gene amplification in ccRCC. For this reason, elevated levels
of HER2 protein are observed by immunohistochemistry [12-23] or Western blotting [24], but not by
PCR [22]. We also observed HER2 expression in the nucleus in 33% of cases, which is interesting since
nuclear localization in renal cancer has still not been studied. This is consistent with published data
on highly aggressive triple-negative breast cancer, where HER2 localizes in the nucleus, activating
gene transcription [18].

It has also been reported that in gastric cancer, HER2 activity in the nucleus generates resistance
to treatments [25]. We believe that in renal cancer it could act as a transcription factor, thus promoting
the progression of the disease. The high frequency of HER?2 in the ccRCC histological type is partly
due to its association with HIF2, which was verified by TCGA analysis at ONCOMINE. Regarding
the implication of HER2 as a poor prognostic factor, membranous HER2 expression was associated
with Fuhrman nuclear grade (FNG) II, whereas nuclear HER2 was associated with nuclear grades III
and IV. It is worth mentioning that no previous studies address this topic. We speculate that nuclear
localization of HER2 may be promoting the nuclear dedifferentiation observed in cases with a high
Fuhrman grade, indicating a poor prognosis. This is consistent with recent work in breast cancer
indicating that nuclear localization is associated with a poor prognosis [25]. When correlating
membranous HER2 expression with clinical stage, we observed that it is expressed in low (I) and high
(II and IV) clinical stages, but not in intermediate (II) clinical stages. HER2 may be promoting the
progression of ccRCC by different mechanisms in clinical stage I and in clinical stages III and IV. We
believe that finding membranous HER2 expression in high stages, and nuclear HER2 in high FNG,
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indicates that HER2 could be, on one hand, a therapeutic target, and, on the other hand, serve as a
marker of poor prognosis with its nuclear localization [26].

There are no studies that relate HER2 with clinical stage; despite this, it has been described for
endovascular growth factor (VEGF), which is related to Fuhrman nuclear grade [27]. The HER2
expression found in the studied population is of interest in ccRCC because it might be involved in
nuclear differentiation mechanisms. However, at some point, this nuclear differentiation is driven by
another mechanism at the expense of HER2, which would explain the differences in the patient’s
clinical stage. This work contributes to the search for therapeutic targets for this pathology, as well
as to the understanding of molecular mechanisms of the HER2 oncogene.

5. Conclusion

We conclude that, RCC is more common in the male population and is larger in size, with
presence in the cell membrane and nucleus in the ccRCC subtype. Membranous HER2 expression is
associated with EPAS1/HIF2. Nuclear HER2 expression favours FNG (III and IV). Membranous
HER?2 expression is present in clinical stages (I) and (III).
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